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Abstract 
Examples of district heating systems are scarcely found in the Belgian housing sector. However in the current evolution towards 
renewable energy supply, district heating networks are seen as a promising solution. In 2013, the first phase of a low-temperature 
district heating system was used for the first time in the city of Kortrijk as part of  a demonstration zero-carbon neighbourhood 
with about 200 dwellings that is under construction in the context of the CONCERTO ECO-Life project. This study deals with 
the energy performance assessment of the first phase of the zero-carbon community and low-temperature district heating system. 
The present paper presents the analysis of the data from the on-site monitoring system and short-term specific measurement 
campaigns by stressing the influence of relevant parameters such as the performance of components, building load
characteristics, space heating  comfort, domestic hot water comfort and the implemented control strategies. Hence, this paper 
describes the monitoring approach, the challenges faced during analysis of the first year of implementation and the solutions 
applied to the challenges. Furthermore, the analysis aims to point out the potential of integrating low-temperature district heating 
systems and low energy  buildings as an effective solution towards sustainability in the building sector. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction
Despite the fact that the heat demand in buildings is decreasing because of higher energy performance standards
for new buildings and retrofitting of the existing building stock, energy use in buildings and services  is one of the 
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main target areas for energy savings, since 40% of all energy consumption in Europe takes place in buildings [1]. In
the framework of the ECO-Life project within the CONCERTO initiative, a demonstration zero-carbon 
neighbourhood is being raised in the city of Kortrijk in Belgium. 
The principal site of the project is the Venning neighbourhood, which originally consisted of about 163 single-
family houses built around 1960, and is now transformed into a high performance neighbourhood with, 196 new or 
refurbished dwellings in single- and multi-family buildings. The four buildings in Venning Phase 1 are newly built 
in the south of the Venning neighbourhood. Buildings A, B and C are multi-family buildings with respectively 22,
16 and 26 apartments with one or two bedrooms, while building D has 6 apartments on the ground floor, equipped 
for disabled occupants, and 6 duplex apartments on top of them with 3 bedrooms each.  
The building design was guided by the passive house standards: the building envelope is highly insulated with 
special attention to the air tightness, leading to U-values below 0.15 W/m²K and 0.6 air changes per hour at a 50Pa 
pressure difference (n50). The buildings are equipped with collective mechanical ventilation systems with heat 
recovery wheels. In each dwelling, a heating coil is provided, to preheat the supply air up to 19°C if necessary. The 
heating coil is supplied with heat from the Venning district heating (DH) grid, that also supplies heat to the dwelling 
substations for space heating and for production of domestic hot water. On the rooftops of the buildings, collective 
grid-connected photovoltaic systems produce electricity to compensate for the auxiliary energy needed [2]. 
This study deals with the energy performance assessment of the first phase of this nearly zero-carbon community 
and low-temperature district heating system. The present paper presents the analysis of the implemented monitoring 
system and other specific measurement campaigns by stressing the influence of relevant parameters such as the 
performance of components, building load characteristics, space heating  comfort, domestic hot water comfort and 
the implemented control strategies. Furthermore, the analysis aims to point out the potential of integrating low-
temperature district heating systems (design supply temperature below 65°C) and low energy  buildings as an 
effective solution towards sustainability in the heating sector. 
2. Monitoring approach
In this section, general considerations on the monitoring system and data are summarized based on [2]. In the 
dwellings, three levels of metering were identified: general metering in all dwellings, detailed metering in a sample 
of dwellings and additional metering in a small sample for in-depth studies, (See table 1). In addition to the 
individual dwelling units, the communal heat generation, the supply and return temperatures at the heating plant, 
the electrical energy delivered by PV systems as well as electrical energy used from the grid are also gathered. A
climate station is used for monitoring the outdoor temperature, solar irradiance, light intensity, relative humidity, 
rain and wind velocity for the entire community. The resolution of the acquired monitoring data is 1 minute, 5 
minutes, 15 minutes or at least once per hour automated meter readings, in function of the parameter.
Table 1. Overview of the three levels of the as-built monitoring systems
All dwellings Detailed (25% of dwellings) Additional monitoring
Total heat use
Total electricity use
Heat use for domestic hot water, space heating and pre-
heating ventilation supply air
Windows`s state (open/closed) (10% dwellings)
Temperature in the living 
room
Disaggregated electricity use (lighting, kitchen equipment, 
bathroom, exterior, storage room and auxiliaries)
Sunscreen`s state (open/closed) (6% dwellings)
Total water use Temperature in the main bedroom
Relative humidity in the living room
Temperatures of ventilation: inlet/outlet and 
supply/exhaust air (4% dwellings)
In this study the assessment of the actual performance of the buildings has been carried out by using the well-
known heating degree day method as normalization technique. Weather normalization is commonly used for 
analyzing variations in a building's energy use, and, when combined with other normalization techniques (such as 
normalizing for occupancy and building size), for comparing the energy use of different buildings. Heating degree-
day figures come with a "base temperature", and provide a measure of how much (in degrees), and for how long (in 
days), the outside temperature was below that base temperature. In the present analysis, the heating degree day with 
a base temperature of 15.5°C has been used. 
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3. Monitoring results: energy use of the dwellings 
Venning Phase 1 was the first of the ECO-life project phases to be occupied and monitored in September 2013. 
During the first monitoring year, most of the meter readings were collected manually and therefore they are limited 
to the general energy monitoring meters: total heat use and total electricity use of each dwelling. The results and 
main findings of these measurements are summarized in this section.  
With a gross floor area of 6882 m², Venning Phase 1 has a design primary energy use for heat of 20 kWh/m² (39%) 
for both space heating and domestic hot water generation (DHW), and of 30 kWh/m² (61%) for Household 
Electricity Use. In this work primary energy factors of 1 and 2.5 were used respectively for heat and electricity, 
according to the local EPBD-legislation. Fig. 1 b) presents the actual primary energy use for the same functions 
normalized to the climate of 2013-2014. In comparison to the design values, the analyzed buildings used about 69%  
and 30% more energy than expected, respectively for heat and household electricity use. In Fig. 1 a) each blue dot 
represents the heat use for space heating and domestic hot water per square meter of a given dwelling. The average 
heat use is 30 kWh/m²/year, however, the heat use varies strongly between the dwellings. In addition,  the yearly 
consumption of cold water including the fraction used for preparation of domestic hot water is presented. The 
variation is large with values between 18 and 310 l/day/pers and on average 100 l/day/pers.  
Fig 1. Heat use, electricity use and cold water use a), and primary energy use b). 
In one dwelling the pipe temperature´s at inlet and outlet of  a dwelling substation were measured from 4th  July 
2014 until 12th  July 2014. In Fig. 2 a), the results reflect the behavior of the supply temperature from the DH system 
(green line) with a trend to reach 48°C  when there is no heat demand. The value increases above 50°C when there is 
a domestic hot water demand, this can be seen for instance between 6.00h and 9.00h. The temperature of hot water 
delivered is plotted in brown and it can be seen that take values between 42°C and 50°C depending of the duration 
of the tap. After this period of demands, a temperature drop as a result of the heat losses in the substation can be 
observed. The return temperature of the whole substation to the collective heating network is on average 45°C 
during periods with no heat demand and 35°C during DHW demand, it is shown with a purple line. The range of 
temperature of hot water delivered between 42°C and 50°C is in accordance with the reference values of DHW 
comfort prescribed  in the European standard EN 13203-1 [5]. The domestic hot water comfort  can be estimated as 
the mass flow rate that is withdrawn at temperatures above 40°C divided by the total hot water use. In addition to 
the temperature conditions, customer comfort satisfaction is influenced by time required for DHW to reach a fixed 
temperature level after tapping was started, the so called waiting time, recovery time or  tap delay. Based on the 
same European standard the waiting time tm (s) is defined as the time taken to reach, at appliance outlet, a domestic 
hot water temperature higher than 44°C. As can be seen the range of temperature of hot water delivered at the tap is 
in correspondence with both prescribed temperature values. However, while in terms of DHW comfort results 
denote a satisfactory performance of the substation, attention should be paid to the general guides for legionellae 
control in DHW-systems that requires temperature of around 60°C in collective DHW-systems.  
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Regarding the aforementioned issues, during the design stage of the project and later during the implementation, 
recommendations prescribed in the Best Available Practices for public collective systems in Belgium [6] were 
considered. Note that the district heating system is not used to transport domestic hot water, but heating water. Thus 
in the substation, the district heating water is used to heat domestic water by means of a heat exchanger. Next, the 
length of the DHW-pipes in the dwellings is shorter than 5m and the water volume is lower than 3l, in order to avoid 
that water at unsafe temperatures remain still for a long time in the distribution circuit. Finally, as can be seen in 
graph a), the domestic cold water at dwelling-level is beneath the legionellae unsafe temperature region. In general, 
it has been  confirmed that the control strategy of the dwelling substation guarantees that even during periods with 
no heat demand the supply temperature remains around 50°C so that comfort temperature is reached whenever there 
is a hot water demand.  
 
 
Fig. 2. Temperature measurements of dwelling substation (9th  July 2014) a),  and monthly Heat and Electricity Use b)  .  
Fig. 2 b) presents the monthly heat and electricity use of all dwellings in Venning Phase 1 during the first 
monitoring year. The space heating use was obtained as the difference between the community total heat use and the 
heat use for preparing hot water, that was calculated based on the consumption of tap water, the mean temperatures 
of cold water and the temperature of the water  delivery at the tap. The mean temperature values of the substation 
were defined by using both the results of the measurement campaign and detailed simulation models of a 
representative building with 25 apartments with Trnsys software.[3]. The graph reflects that while the electricity use 
remains more or less constant throughout the year, the heat use rises with decreasing outdoor temperature. During 
summer the heat use accounts for about 40% of the total energy use, and is used mainly for domestic hot water. 
During winter the heat use rises to 75% due to rising space heating demand.  
Fig. 3. Heat use for space heating and domestic hot water per square meter 
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Fig. 3 displays the heat use normalized per square meter gross floor area of the house, for the different dwelling 
types. In addition, gross floor area of each kind of dwelling has been included to reflect the sizes of the different 
dwelling types. The design heat demand, calculated by means of regulatory EPBD software, is more or less similar 
for all typologies and take values around 20 kWh/m²/year for space heating and DHW together. However, the 
variations in actual heat demand are different for each dwelling type. For example in the T1/2 (1 bedroom/2 
persons) kangaroo apartments and T3/4 (3 bedroom/4 persons) duplex houses, that are both represented only in 
building block D, the actual heat demand is always higher than the design values. One reason for this could be the 
malfunction of the heat exchanger in the air handling unit during the first winter, that results in a significantly higher 
space heating demand. This issue is discussed more deeply in reference [4]. However the variation in heat use can 
only be partially explained by the dwelling type and number of inhabitants. Other behavioral factors have a large 
influence on the heat use.  
In Fig. 4 the dwellings have been classified in function of their actual space heating use per square  meter as 
Passive, Low energy, Standard and High energy consumers, in accordance with the actual Belgian regulation. As 
can be seen in Fig. 4 a), it was found that 67 apartments (86%) of the of Venning phase 1 can be defined as Passive 
and Low energy consumer. Results are in correspondence with the ECO-life project target, since the expected value 
of the index according to design estimations has to be in a range  between 15-25 kWh/m². However an amount of 11 
apartments -classified as Standard and High- which represent only 14% of the community have index respectively 
between 30 and 70 kWh/m² and higher than 70 kWh/m². The impact of the distribution of the apartments on the heat 
use has been more directly displayed in Fig. 4 b). This graph shows that 11 apartments, belonging to the category of 
Standard and High energy consumer, are responsible of  26% of the total heat use of the community.  
Fig.4. Pareto chart in function of number of apartment and yearly energy use  
Finally, Fig. 5 a) displays the actual heat use of each dwelling in function of the normalised design heat use of the 
dwelling. If the house uses as much heat as the design target, the dot is on the 100% diagonal-line. It is seen that 
70% of the houses uses more heat than designed. In addition to these general findings, the dwellings have been 
classified according to their level of hot water use. Results denote  that some of the houses with a moderate use of 
domestic hot water (less than 2 kWh/day/pers.) still present a high level of total heat use. Hence, the houses where 
the domestic hot water preparation or space heating have the significant effect in the total heat use can be identified. 
Consequently, instead of carrying out an in-depth study of indoor temperatures of the whole data set in order to 
identify houses with a high space heating demand, a quick subsampling of dwellings based on their type of heat use 
can be done, avoiding time-consuming analyses. Fig. 5 b) shows the real and calculated heat use of the existing 
dwellings before of the refurbishment or replacement process took place. The average yearly energy use was derived 
from the available meter readings from the last one to seven years. Note that in many dwellings (79%) actual heat 
use is lower than the expected in design estimation. This result could be due to the fact that most people only heated 
a limited area of their dwelling and/or not all the time than is presumed in the current regulation design values. Even 
if the dwellings in both graphics are not the same, it can be concluded that after the refurbishment or replacement 
process, the actual average energy use is significantly reduced and the comfort level has improved.   
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Fig. 5. Actual and Design Energy use for Space Heating and Domestic Hot Water: a) new built dwellings, b) before project started 
Conclusion  
The energy performance assessment of the first part of a zero-carbon neighbourhood has been carried out. In 
comparison to the design values, the community uses about 69% and 30% more primary energy than expected, 
respectively for heat and household electricity use. The average heat use is 30 kWh/m²/year while the consumption 
of cold water take values between 18 and 310 l/day/pers. During summer the heat use accounts for about 40% of the 
total energy use, and is used mainly for domestic hot water, during winter the heat part rises to 75% due to rising 
space heating demand. Ranking of the dwellings according to the level of heat use shows that a total of eleven 
dwellings, classified as Standard and High energy consumer, is responsible for 26% of the energy use of the 
community. Moreover, the study aims to illustrate the large saving potential concerning occupant behaviour by 
means of a clear allocation of heat use  for hot water preparation or space heating demand. It has been shown that 
the control strategy of the dwelling substation guarantees that even during long period of time without hot water 
demand, the supply temperature remains somewhat around 50°C, thus making it possible to reach the comfort hot 
water temperature when required. It has been confirmed that after the refurbishment or replacement process, the 
comfort is improved and a significant reduction of the heat use can be expected. In general the new dwellings lead to 
higher average energy use than expected from calculations. However, it can be anticipated a drop of the total energy 
use in the next years since some of the cause for increases energy use will be solved by proper commissioning [4]. 
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